Objective: To compare the rate of increase in oxygen saturation in babies receiving supplemental oxygen during resuscitation with those transitioning in room air.
Introduction
The oxygen saturation (SpO 2 ) of healthy infants transitioning in room air immediately after birth increases relatively slowly. [1] [2] [3] [4] [5] [6] [7] [8] Overall, infants take approximately 5 min to reach an SpO 2 of 87 to 90%. 5, 9 For infants requiring resuscitation, the mode of oxygen (O 2 ) delivery may be an important factor in affecting oxygenation. [10] [11] [12] [13] Oxygenation is promoted by providing supplemental O 2 and/or establishing functional residual capacity (FRC) using positive pressure. Continuous positive airway pressure is effective at establishing FRC in the newborn and reducing ventilationperfusion mismatch through recruiting collapsed alveoli and stabilizing alveoli that are already patent, thereby improving oxygenation. [14] [15] [16] [17] Information is lacking for the effect of the mode of O 2 delivery on the rate of increase in SpO 2 during newborn resuscitation.
One of the major tasks in newborn resuscitation is to establish 'adequate' oxygenation. This is often achieved by using supplemental O 2 with or without positive-pressure ventilation (PPV). Saugstad 18 suggested that until further information is available, it may be preferable to approximate the oxygen saturation observed in healthy infants during newborn resuscitation. However, the best approach to achieving this goal is not known.
Our objective was to determine how closely we approximate the rate of increase in SpO 2 observed in healthy infants transitioning in room air during delivery room resuscitation with supplemental O 2 .
Methods
Our institutional research ethics board approved the study design. Informed consent was not required for study participation.
Study setting
This study was conducted in a regional hospital (Foothills Medical Center, Calgary, AB, Canada) with a level III neonatal intensive care unit and a high-risk obstetrics unit that performs approximately 5000 deliveries per year. The average atmospheric pressure at the study center is 660 mm Hg (760 mm Hg at sea level).
Subjects
The babies enrolled in this study were part of a larger prospective observational study documenting the pattern of SpO 2 at birth for healthy infants transitioning in room air. 5 Enrollment was through convenience sampling. SpO 2 data from babies that received supplemental O 2 either by free flow or with PPV within 10 min of birth were compared with SpO 2 data from the group of healthy newborns transitioned in room air.
Inclusion and exclusion criteria
Only infants born at the study center were enrolled. Babies were excluded from the study if any of the following were present: (1) risk factors for persistent pulmonary hypertension; (2) antenatal diagnosis of cyanotic congenital heart disease; (3) antenatal diagnosis of hematological abnormalities.
Resuscitation procedures
Neonatal Resuscitation Program guidelines that were present at the time of the study were followed. 19 All infants received suctioning of the nares and oropharynx immediately after delivery. Gastric suctioning was not performed routinely. Physical stimulation was given when an infant had difficulty in establishing regular respiration or if the heart rate was less than 100 beats per minute. The resuscitation team administered 100% O 2 when an infant was visually judged to be centrally cyanosed. Infants making spontaneous respiratory effort with a heart rate X100 beats per minute received 100% O 2 by free flow (note that the actual inspired concentration of O 2 was approximately 40 to 50%). If the infant's heart rate was <100 beats per minute or respiration was not regular by 30 seconds of age, PPV was administered with 100% O 2 .
For this study, PPV was defined as the provision of positive airway pressure using continuous positive airway pressure with a flow-inflating bag and face mask or the provision of tidal volume breaths using a flow-inflating bag with either a face mask or endotracheal tube.
Pulse oximetry measurements
Transcutaneous oxygen saturation was measured continuously using the LNOP NeoPt-L pulse oximetry probe and Radical SET pulse oximeter (Masimo, Irvine, CA, USA). The oximetry probe was attached to the right wrist (preductal position) immediately after the baby was placed on the radiant warmer following delivery. All alarms and audible signals were silenced. The pulse oximeter was set with a 2 s averaging time and placed in the 'maximum sensitivity' mode. Continuous transcutaneous SpO 2 recordings were taken until the infant had stabilized and was ready for transfer to the neonatal intensive care unit or returned to his/her parents. The pulse oximeter's display was covered so that the resuscitation team could not see the SpO 2 readings.
Data management
The following information was recorded onto data collection forms by the resuscitation team at the time of each delivery: relevant antenatal history, mode of delivery, maternal age, duration of rupture of membranes and obstetric gestational age. The time of birth was taken as the time of cord clamping. At our institution, the umbilical cord is clamped immediately after birth.
Oxygen saturation data and the corresponding hexadecimal codes were transferred directly from the pulse oximeter into an Excel spreadsheet program (Microsoft, Redmond, WA, USA). The pulse oximeter recorded a hexadecimal code for each SpO 2 data point. This code contains information regarding the quality of the oxygen saturation reading (for example, low pulsatility index) as well as the performance of the pulse oximeter (for example, unit functioning properly).
Each line of data was individually reviewed at two separate times. Using strict prespecified criteria, we identified and subsequently excluded SpO 2 measurements that were of questionable validity. Criteria for exclusion of data were (1) data dropout (no saturation detected) and (2) data collected during times of sensor malfunction or misplacement as identified by the corresponding hexadecimal codes.
Statistical analysis
Statistical analyses were conducted using STATA version 8 (Stata Corp., College Station, TX, USA) and SAS version 9.1. (SAS Institute Inc., Cary, NC, USA). Baseline demographic data were not normally distributed and hence the three groups were compared using the Kruskal-Wallis test for nonparametric data. Post hoc pairwise comparisons were done using the Mann-Whitney U-test.
The SAS PROC MIXED program was used to estimate random and fixed effects on the growth pattern of SpO 2 within the first 10 min of life. 20, 21 Compared with cubic and quadratic models, linear changes in SpO 2 provided the best basic model for predicting changes in SpO 2 . Next, we fitted a conditional model adjusted for age, delivery route, mode of O 2 delivery and time to describe the effects of these variables on the rate of change of SpO 2 . Each model included a w 2 test of improvement of fit to the data. Figure 2 ). By 5 min of age, the average SpO 2 values for the healthy group, PPV group and free-flow O 2 group were 84, 86 and 82%, respectively, and by 10 min of age, the average SpO 2 increased to 96, 94 and 88%, respectively.
Results

Between
Timing of oxygen supplementation
The decision to initiate or discontinue O 2 supplementation was guided by the visual detection of central cyanosis. The average age at which O 2 supplementation started did not differ on the basis of gestational age (P>0.05). However, O 2 supplementation continued for an average of 7 min longer in the babies that were X35 weeks gestation (P ¼ 0.002). In this group, babies were treated mainly with free-flow O 2 (86% of babies), whereas babies <35 weeks gestation were more likely to have received PPV (68% of babies).
Discussion
We observed that SpO 2 rose more quickly in babies receiving supplemental O 2 by PPV versus free flow. Furthermore, compared Oxygen saturation during newborn resuscitation Y Rabi et al with infants receiving free-flow O 2 , the pattern of increase in SpO 2 in babies receiving PPV were closer to those observed in healthy infants transitioned in room air. The faster increase in SpO 2 observed in babies receiving PPV may be due to the more expeditious establishment of FRC at the time of birth. Free-flow O 2 would be expected to have little, if any, effect on FRC, whereas several studies report that PPV is effective in establishing FRC in the infant. 14, 17, 22 Others have demonstrated that a properly inflated lung is important in achieving and maintaining proper oxygenation and that infants with inadequate FRC are more prone to desaturation events. [10] [11] [12] [13] Deckardt et al. continuously measured SpO 2 of newborns and delivered continuous positive airway pressure to those who failed to achieve an SpO 2 of 80% by 5 min of age. 4 They found that the use of continuous positive airway pressure improved oxygenation. It is important to consider the potential effects of establishing FRC at the time of birth, as the practice of providing continuous positive airway pressure and positive end-expiratory pressure in the delivery room is becoming more prevalent. A survey of neonatal centers in the United States reported that 76% of centers use either continuous positive airway pressure or positive end-expiratory pressure during newborn resuscitation. 23 In our study, the duration of O 2 supplementation to infants X35 weeks gestation was 7 min longer than in infants <35 weeks gestation. We observed that infants <35 weeks gestation were more likely to receive positive pressure compared with infants X35 weeks gestation. This is consistent with the expectation that less mature infants would have more respiratory distress and be judged to require more aggressive respiratory support by the resuscitation team. We observed that 86% of babies X35 weeks gestation received free-flow O 2 exclusively, compared with only 32% in the group that was less mature. The finding that newborns receiving supplemental O 2 by positive pressure achieved a faster increase in SpO 2 compared with infants receiving free-flow supplemental O 2 may , in part, be because of the effect of positive pressure in establishing FRC.
It is important to consider several factors when interpreting the results of this study. This is an observational study and, as such, causation cannot be implied. Furthermore, infants in the room air group were, overall, of a slightly higher gestational age and more likely to have been delivered by the vaginal route. One could argue that the oxygen saturation pattern of healthy infants will be different from those with pathology. However, in the absence of concrete evidence for the optimal pattern of SpO 2 in sick infants during resuscitation, it makes intuitive sense to target the SpO 2 pattern observed in healthy newborns.
Another limitation of our study relates to the actual concentration of O 2 inspired by the infants. Babies in the PPV group received 100% O 2 . Free-flow O 2 was delivered by blowing 100% O 2 to the infant's face using a mask and flow inflating bag. While 100% O 2 was being delivered to babies in the free-flow O 2 group, the babies were also able to entrain room air and hence the actual inspired concentration of O 2 was approximately 40 to 50%. We have confirmed this using an O 2 analyzer. It is possible that the high rate of increase in SpO 2 observed in the PPV group was either entirely or partially due to a higher FiO 2 . Saugstad et al. 24 reported on the oxygen saturation of newborns that had been enrolled into the Resair 2 trial. For infants with mild birth depression (1 min Apgar X6), oxygen saturation rates were similar for those receiving PPV in both the room air and 100% O 2 groups. This supports the hypothesis that supplemental O 2 has a modest effect on oxygen saturation during resuscitation of infants with mild birth depression. These findings are consistent with our study.
We acknowledge that the pulmonary physiology of resuscitated newborns most likely differs markedly from that observed in healthy infants. However, options for respiratory support during resuscitation are limited to free-flow O 2 versus PPV. An important question to address is how well our present resuscitative procedures can 'overcome' the problems resulting from unfavorable pulmonary physiology in sick newborns. This study compared commonly used resuscitation practices and showed that PPV used with 100% O 2 was associated with a pattern of SpO 2 that more closely approximated 'normal' than did resuscitation with free-flow O 2 . Furthermore, given the growing concern about the potential dangers of hyperoxia during newborn resuscitation, it is reassuring that the SpO 2 of infants resuscitated with supplemental O 2 did not, on average, exceed values observed in healthy infants transitioned in room air, regardless of the mode of O 2 delivery.
The results of this study indicate that, in addition to the concentration of O 2 delivered during newborn resuscitation, the mode of O 2 delivery may be an important factor to consider. Further studies are required to determine (1) the contributing roles of supplemental O 2 versus the establishment of FRC on oxygen saturation and (2) the optimal starting concentration of O 2 that is used in conjunction with PPV.
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